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Abstract
The primary purpose of this paper is to test "Marking-to-market"
effects of futures contracts in an attempt to explain revealed diver-
gencies, if any, between futures prices and forward prices. In the
absence of solid theoretical models incorporating fundamental differences
between the two contracts, market imperfections such as transaction costs
and taxes or market inefficiency have been attributed as significant
factors to revealed divergencies between futures and forward prices,
especially between observed futures prices of T-bills and forward prices
implicit in the terra structure of interest rates, and recently in foreign
currencies. However, in recent years, a number of researchers have
developed theoretical models in a perfect market without taxes and trans-
action costs, in which the divergencies, if any, are attributed to the
daily settling up procedure, so called "marking to market" property of
futures contracts in the presence of uncertainty. This paper, filling
this gap partially, tests empirically causal relations between futures
and forward prices not only of foreign currencies but of physical com-
modities, due to this "marking to market" effect. Empirical results
provide a strong evidence that the divergencies can be attributed to the
daily settling up procedure of futures contracts even in the absence of
taxes and transaction costs.

I. Introduction
Up until the most recent years, few articles had paid attention to
different economic properties between futures and forward contracts.
Since futures contracts evolved originally from cash forward contracts
they have a number of similar terms which seem to have led researchers
to treat them as if they were identical. In the absence of solid
theoretical models incorporating fundamental differences between the two
contracts, at most market imperfections such as transaction costs and
taxes or market inefficiency have been attributed as significant factors
to revealed divergencies between futures and forward prices. Thus,
theories, if any, on futures and forward contracts have tended to be
created to fit the observed facts, not vice versa.
Furthermore, most of the papers attempted to explain only divergencies
between futures prices and forward prices implicit in the term structure
of interest rates (see footnote 1). In recent years, Margrabe [8], Cox,
Ingersoll and Ross [4], Richard and Sundaresan [11], Jarrow and Oldfield
[5] and Park [9] have developed theoretical models in a perfect market
without taxes and transaction costs, which make explicit the distinction
between futures and forward prices. Although the approaches they employed
were somewhat different from each other, the implications of their models
turned out to be consistent: i.e., the two contract prices, futiures and
See Capozza and Cornell [2], Lang and Rasche [7], Burger, Lang
and Rasche [1] and Kane [6] for market imperfections, and see Rendleman
and Carbaini [12] for market inefficiency.
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forward, need not be the same even without transaction costs or tax
effects. More specifically, if the conmodity provides a hedging instrument
against changes in interest rates, futures prices are greater than forward
prices. In their papers, this implication was consistently attributed to
the daily settling up, so called "marking to market" property of futures
contracts in the presence of uncertainty.
Cornell and Reinganum [3] examined futures and forward prices in
foreign exchange rates to see whether the divergencies between futures
and forward prices are due to market imperfections or the daily settling
up procedure of futures contracts (they called this Cox, Ingersoll and
Ross effect). However, their empirical results are subject to following
criticisms. First, they ignored the existence of the organized forward
market dealing in standardized contracts not only for physical com-
modities but also foreign exchanges and financial commodities such as
2
Treasury bill forward contracts. Even though the substantial por-
tion of foreign exchange forward contracts is handled by commercial
banks at the retail level, we can rule out effects of differential
transaction costs and default risk efficiently by comparing futures
contracts and forward contracts traded in organized exchanges where the
2
To our knowledge, there is an organized forward market in U.S.A.,
the .American Board of Trade in New York city. The forward contracts
offered and traded on the American Board of Trade include six basic com-
modities, five finanical securities and five foreign currencies: Gold
Bullion, Silver Bullion, Silver Coins, platinum, copper, pl3rwood, CDs,
T-bills, T-notes, T-bonds, GNMAs, Swiss Franc, German Mark, British
Pounds, Japanese Yen, FX-5 Basket.
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clearing house stands behind all contracts and thus guarantees all
3transactions.^
Secondly, they attempted to test the Cox, Ingersoll and Ross (CIR
hereafter) effect based upon the local covariance of the percentage
changes in futures with the percentage changes in discount bond prices.
However, it is really hard to test whether the covariance is statistically
greater or less than zero at any significance level since it is not vela-
txve estimates such as regression coefficients.
This paper, filling this gap partially, tests empirically causal
relations between futures and forward prices not only of foreign cur-
rencies but of physical commodities, due to the special property of
3
Pertinent to relative transaction costs of T-bills, the focus
has been on the cost of establishing forward positions. The reason may
be because futures contracts were compared to forward contracts handled
by banks at the retail level. However, on the futures exchanges •> the
true transaction costs, implicit and explicit, are likely to be buried
in the form of "bid-ask spreads," "price skids," "opening and closing
price ranges." Note that none of these market-miaking devices exists
in the organized forward market. Also, members of the forward market
are not permitted to trade on the floor of the exchange for their own
account, so that investors are not subject to "conflict of interest"
considerations associated with futures contracts.
The CIR effect of Cornell and Reinganum [3] is as follows;
G(t) - H(t) is the intrinsic value at time t of a payinent
I
H(u)[Cov[H(u), p(u)]]du/p(t),
^ t
where G(t) = forward price at time t
H(t) = futures price at time t
p(t) = price at time t of a default free discount bond paying
one dollar at time s
Thus, if Cov[H(u), p(u)] ^0, then G(t) ^H(t).
Note, however, CIR [^], later in the paper, developed an explanation
of the divergencies between futures and forward prices, based upon the
ratio, Cov(V,p)/Var (p), where V is the spot price of underlying asset.
This result is consistent with conjectures of Margrabe [8] and Park [9],
which is employed in this paper to test the divergencies.
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futures contracts, "marking to market." Empirical results provide a
strong evidence that divergencies between futures and forward prices
can be attributed to the "marking to market" effect of futures contracts
even in the absence of taxes and transaction costs.
II. Fundamental Difference Between Futures and Forward Trading
A forward contract is an agreement between two traders, a buyer and
a seller to buy or sell a specific commodity at a "specific price," on
a specific date, called the maturity or delivery date. The "specific
price" in a forward contract is the forward price that is determined at
the time the contract is open and this price stays fixed for the life
of the contract. By this convention, the forward price on the maturity
date is equal to the spot price of the commodity under consideration.
Otherwise, a costless arbitrage would occur at the maturity date. In
this contract, writing and settlement are not simultaneous In that the
writing of this contract requires no initial changes of money, and money
transfers occur only on the maturity date. The buyer who takes a long
position in a forward contract by promising to pay the fixed forward
price at the maturity date receives the specified commodities at the
maturity date from the seller who takes a short position now. Of course,
forward prices are fluctuating over time but in such a way that the value
of the forward contract is zero at the time contract is created. Also,
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forward contracts are written with specific tines to maturity rather
than with specific maturity dates.
A future contract is a contract between two parties where the buyer
agrees to accept delivery at a "specific price" from the seller of a
particular commodity, in a designated month in the future, if it is not
liquidated before the contract reaches maturity.
However, the basic difference between those two contracts lies in
their pa-\Tnent schedules because of the property of daily settling up, so
called "marking to market" in futures contracts. At the end of each day,
if the changes in futures price during a day is negative, the buyer who
takes a long position in the futures contract pays the full amount of the
change to the seller who takes a short position and the futures contract
is rewritten at the new futures price in such a way that makes the value
of the futures contract zero. If the change is positive, then the buyer
should be paid the full amount of the change by the seller.
These futures contracts are cleared through the clearing corporation
of a commodity exchange. The clearing, corporation thereby assumes the
technical responsibility to the buyer and seller respectively as a third-
party guarantor of the transaction. In effect, it becomes the buyer for
every seller and the seller for every buyer. Also, futures contracts are
traded with specific maturity dates as opposed to specific times to maturity.
'since the forward contracts in the organized exchange such as
the American Board of Trade are standardized by specific times to maturity
(one, two, three, six and twelve months), if the trader of forward con-
tracts wants to liquidate his or her position before the maturity date,
there is no way to find the market price of the contract for the remaining
period. The ABT in this case simply uses the proration method. For ex-
ample, if the spot closing for gold was S 330. 00 per ounce and the three-
month forward closing was $350.00, a contract maturing in one month and
a half would have a value of $340.00 at closing for that day.
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III. Causal Relations and Test Methodology
The fundamentally different payment schedule due to the marking-to-
market property of future contracts has led several researchers (see,
Margrabe [8], Cox, Ingersoll and Ross [4], Park [9]) to conjecture
following causal relations between futures and forward prices. If the
covariance between the price of the commodity and the price of default
free discount bond is less than the variance of the price of the bond
so that the commodity provides a hedging instrument against changes in
the bond price, the futures price of the commodity is greater than its
forward price. If the covariance is greater than or equal to the vari-
ance, then the futures price is less than or equal to the forward price
respectively. However, it is important to note that only ex-ante unan-
ticipated portion of changes in prices would shift consumption-investment
opportxmities of investors in an efficient market. Thus, the covariance
and the variance should be interpreted as the covariance of the unexpected
changes in commodity prices with the unexpected changes in risk free bond
prices, and the variance of the unexpected changes in the bond prices
respectively. In this paper, T-bill prices are used as the default free
bond prices. After taking logarithms of the spot prices and their ex-
pected prices in order to be consistent with the assumption of the log-
normal distribution (see Margrabe [8], CIR [4], Park [9], Richard and
Sundaresan [11]), we can compare the relative magnitude of the covariance
and the variance, by computing the ratio
Covflog p(T) - log Et(p(T)). log T-Bill(T) - log Et(T-Bill (T))]
Var[log T-Bill(T) - log Et(T-Bill(T))
]
where P(T) and T-bill (T) are spot prices of commodities and T-bills
respectively at time T, when their contracts, futures and forward, are
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matured, and Et(P(T)) and Et(T-bill(T)) are their expected prices as of
time t today. Note, however, that the above ratio is just the beta co-
efficient Bl of the independent variable of the following regression
equation,
log P(T) - log E(P(T)) = BO + Bl[log (T-bill(T)) - log E(T-billCT)] + e, (1)
where the disturbance term £ satisfies the full ideal conditions, i.e.,
independently, identically and normally distributed with the mean zero
and the constant variance.
The estimation of Bl from an OLS (Ordinary Least Squares) regression
Is
Bl = CovG^,Z)/Var(Z) (2)
where W = log P(T) - log Et(P(T))
Z = log(T-bill(T)) - log Et(T-bill(T)). (Hereafter, W and Z will
be used as defined here.)
Therefore, under the null hypotheses, HO, that Bl = 1, we can test whether
the true coefficient Bl is significantly greater than or equal to, or
less than one, using "t" statistics; if Bl is greater or less than one,
the covariance of the unexpected changes in commodity prices with the
unexpected changes in T-bill prices is greater or less than the variance
of the unexpected changes in T-bills respectively. Thus, the conjectlon
of Margrabe [8], CIR [4] and Park [9] on the causal relations between
futures and forward can be rewritten as follows.
If Bl — 1, then Futures — Forward (3)
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If the models of Margrabe [8], CIR [4] and Park [9] describe the futures
and forward contract prices correctly, the difference between futures
and forward prices should be positive (negative) for those cotmnodities
whose beta coefficient (Bl) are less (greater) than one. Note that the
above causal relations are attributed solely to the daily settling-up
procedure of futures contracts in the absence of transaction costs and
taxes. The next step is to test the null hypothesis that the difference
between the futures and forward price is greater (less) than zero for
commodities with Bl less (greater) than one. This test can be done by
examining the 't' statistics of the estimation of beta coefficient of
the following equation:
Futures (T) - Forward (T) = B*(l), (4)
where Futures (T) and Forward (T) are future and forward contract prices
with times to maturity T and B* is the coefficient of the independent
variable, which is one. Thus, the causal relations (eq. (3)) can be
rewritten as
If Bl ^ 1, then B* ^ (5)
IV. Data and Results
Forward Prices
Forward price data is very limited since forward contracts have been
traded on several underlying objects only on one exchange, the American
Board of Trade in New York. This paper investigated six basic commodities
(Gold, Silver, Silver Coin, Platinum, Copper and Plywood), four foreign
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currencies (Swiss Franc, German Mark, British Pound and Japanese Yen).
The tines to maturity of the forward contracts on the six commodities
and the four foreign currencies are strictly standardized with one, two,
three, six and twelve months.
Even though the American Board of Trade was founded in 1969, it began
to trade the forward contracts only from July, 1977. Furthermore, until
November, 1979, the forward price data are restricted to three commodities.
Gold, Silver and Silver coins with maturities of three, six and twelve
months. These data are available in the Journal of Commerce only in terms
of the closing prices. Since November, 1979, the Wall Street Journal has
provided daily closing prices for forward contracts on the six commodities
(Gold, Silver, Silver coins. Copper, Platinum and Plywood) and the fotir
foreign currencies (Swiss Franc, German Marks, British Pounds and Japanese
Yen) with maturities of one, two, three, six and twelve months.
Futures Price Data
In contrast to forward prices, futures prices data are available
over a longer period. However, it would be reasonable to observe prices
of futures and forward contracts on the same commodities and with the
same maturities for the same observation period.
As we discussed in the introduction, futures contracts are traded
with specific maturity dates (typically in terms of maturity month) while
forward contracts are traded with specific times to maturity. Especially,
the seller who is in the short position of the futures contracts is
''Even though there are other forward contracts traded in the ABT
as noted in footnote 2, little data is available for them.
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typically permitted to choose any delivery date within the specific
maturity month. Therefore, it is difficult to make the specific time
to maturity in the forward contract coincide with the maturity date in
the futures contract.
To circumvent this problem, the data observed on two maturity dates,
the first trading date and the fifteenth calendar date of each month of the
forward contracts were considered for comparing forward contracts with the
corresponding futures contracts. For example, on the first trading date and
the fifteenth calendar date of January, one-month forward contract prices
are compared with February futures contract prices, and two-month forward
prices with March's future's prices, and three-month forward prices with
April futures prices and so on. Treating the price of a different maturity
of a commodity as the price of a different commodity, each forward contract
has a total of five price pairs with a futures contract since each forward
contract is standardized with one, two, three, six and twelve month
maturities.
The data used in the tests include closing prices of futures and
forward contracts between July, 1977 and December, 1981. All of these
observations are obtained from the Wall Street Journal and the Journal
of Commerce . The details of futures contracts in terms of the unit
and the exchanges on which they are traded are given in the Appendix A.
Monthly Interest Rates
One, two, three, six and twelve month T-bill rates will be used for
corresponding monthly interest rates. All of these data were obtained
from "An Analytical Record of Yields and Yield Spreads," published by
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"Sclomon Brothers, " which is a member of the New York Stock Exchange,
Inc.
Limitation of Data
It was already mentioned in the previous section that there is a
problem of ambiguous maturity dates of futures. There are several other
factors that might affect observing true market equilibrium prices even
in trivial ways.
First, if the trading is active, the closing prices would reflect
the market prices at the last few moments of trading. However, during
a day of little or no trading in an extreme case, the Clearing Corporation
of the exchange should estimate the approximate market price. Furthermore,
neither trading volume nor open interest is available in forward contracts.
Also, even though the trading is active, if there is a range of closing
price, a settlement price should be determined by the Clearing Corporation,
usually the midpoint of the range. This might cause a problem in observing
true market equilibrium prices.
Secondly, in order to compare futures prices with forward prices,
they should be the market prices that are observed at the same point of
time. However, as we can see in Appendix B, the trading time periods
during a day of futures contracts are different from those of forward
contracts. Then, it is unlikely that the reported closing prices of
both contracts reflect the same information because of the time dis-
crepancy.
Two-month T-bill rates that have been obtained from the Wall
Street Journal were generously provided by J. H. McCulloch.
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Third, the delivery process varying from one exchange to another,
or from one commodity to another might have an effect on the price at
which the contract trades. The market trades with the knowledge that
delivery can occur at contract maturity even though the traders may not
actually make or take delivery of the contracts. Thus, depending upon
the delivery specifications for a specific contract, the price may act
differently from another contract.
All of these problems imply that the relationship between futures
and forward prices is measured with error, even though they would not
cause a systematic bias in the relationship. However, we can get around
this measurement error problem by assuming that the errors are random,
not moving systematically and satisfying the full ideal conditions for
usual disturbances; note that errors in the dependent variable do not
cause a serious problem except increasing the standard errors of esti-
mations of the coefficients in the regression.
Results
In the regression equation (1), forward prices with one, two, three
and six months maturities were used as expected prices for corresponding
time periods and futures prices with twelve months maturities were
used as expected prices after one year since the T-bill forward con-
tract with one year times to maturity was not available.
Tables 1 and 2 present the results of tests involving futures and
g
forward contracts which mature on the first trading dates.
The results based on the fifteenth calendar dates do not deviate
significantly from those based on Che first trading dates. Thus, they
are skipped in this paper, but will be available upon requests to the
authors.
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Table 1 summarizes the results of the test whether Bl defined in
equation (1) is greater or less than or equal to one as the first step
of tests. The beta coefficients of all physical commodities. Gold,
Silver, Silver Coin, Platinum, Copper and Plywood in every maturities,
one, two, three, six and twelve months, turned out to be significantly
less than one at 5% level except only twelve months maturity Silver Coin
9
and Plyrjood
,
This implies that those conmiodities might provide good hedging in-
struments against the unexpected changes in T-bill prices, since the co-
variances (W,Z) are less than the Variance (Z) , where W and Z are as
defined in (2): it is also noticeable that all of the beta coefficients
of the commodities regardless of their maturities are negative implying
the negative correlations of the unexpected changes in those commodities
with the unexpected changes in T-bills.
On the other hand, all of the beta coefficients of non-physical com-
modities, the foreign exchange rates such as Swiss Franc, German Mark,
British Pound and Japanese Yen turned out to be insignificantly different
from one at 5% level except one-month German Mark. It is also interesting
to note that none of commodities with all maturities has beta coefficients
which is significantly greater than one, so that the covariance (W,Z) is
significantly greater than the variance (Z). However, taking it into
account that T-bill futures contract is itself a discount bond matxiring
at some time later than T, the contract maturity date, its covariance is
9
The coefficient B^ of twelve-month platinum is less than and
equal to one at 10% and 5% significance levels respectively.
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TABLE 1
Tests on the Ratio of Covariance to Variance
log X - log EX = BO + Bl[log(T-bill) - log E(T-bill)] a
HO: Bl = 1
Gold
Mat (T)
1
obs
19
BO
0.1616
(0.0783)
TO
2,06
Bl
-1.5218
(0.6286)
Tl d
-4.0118
c
HO
< b
2 18 0.2368
(0.1191)
1.99 -2.6525
(1.0709)
-3.4107 <
3 17 0.2145
(0.1186)
1.81 -3.2562
(1.2388)
-3.4357 <
6 14 -0.0410
(0.0830)
-0.49 -4.1391
(.1.6141)
-3.1839 <
12 30 0.2728
(0.1541)
1.77 -3.4984
(1.8838)
-2.3879 <
Silver
1 17 0.1798
(0.1285)
1.40 -1.6558
(0.0706)
-2.4807 <
2 16 0.3904
(0.1736)
2.25 -4.0998
(1.5809)
-3.2259 <
3 15 0.5148
(0.1847)
2.79 -6.5602
(1.9202)
-3.9372 <
6 12 0.1115
(0.1691)
0.66 -8.9489
(3.1891)
-3.1197 <
12 30 0.2239
(0.2484)
0.90 -8.8865
(3.2592)
-3.0334 <
Silver Coin
1 19 0.1791
(0.0935)
1.92 -1.6961
(0.7506)
-3.5919 <
2 18 0.3121
(0.1233)
2.53 -3.4031
(1.1088)
-3.9711 <
3 17 0.2879
(0.1397)
2.06 -4.1312
(1.4595)
-3.5157 <
6 14 -0.0106
(0.1163)
-0.09 -5.0868
(2.2603)
-2.0929 <
12 30 0.2564
(0.2233)
1.15 3.1550
(5.6260)
0.3830 ™
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Platinum
1 17 0.1115
(0.0907)
1.28 -1.0769
(0.7558)
-2.7480
2 16 0.1873
(0.1312)
1.43 -2.1473
(1.1949)
-2.6339
3 15 0.2193
(0.1378)
1.59 -3.3861
(1.4322)
-3.0625
6 12 -0.0677
(0.1108)
-0.61 -3.8218
(2.0901)
-2.3070
12 10 -0.6171
(0.1684)
-3.66 -4.1615
(2.3590)
-2.1880
Copper
1 19 0.0722
(0.0494)
1.46 -0.7565
(0.3968)
-4.4267
2 18 0.0951
(0.0481)
1.98 -1.2664
(0.4323)
-5.2427
3 17 0.1338
(0.0771)
1.74 -2.0027
(0.8054)
-3.7283
6 14 -0.0206
(0.0350)
-0.59 -2.1933
(0.6797)
-4.6981
12 10 -0.3277
(0.0824)
-3.97 -2.0470
(0.6428)
-4.7402
Pl\'vood
1 19 0.1331
(0.0456)
2.92 -1.1924
(0.3663)
-5.9853
2 18 0.1858
(0.0456)
3.24 -1.9692
(0.3663)
-5.7532
3 17 0.2131
(0.0640)
3.33 -2.7392
(0.6683)
-5.5951
6 14 0.1190
(0.0449)
2.65 -4.2647
(0.8735)
-6.0271
12 10 -0.1487
(0.0938)
-1.59 -1.2634
(1.8699)
-1.2104
S.F. (Swis s Franc)
1 19 -0.0308
(0.0445)
-0.63 0.3376
(0.3568)
-1.8565
2 18 0.0186
(0.0764)
0.24 0.0337
(0.6874)
-1.4057
3 17 0.0533
(0.0894)
0.60 -0.1312
(0.9335)
-1.2118
6 31 -0.0517
(0.0568)
-0.91 1.5281
(1.2016)
0.4395
12 10 0.1244
(0.0248)
5.01 -0.2825
(1.4590)
-0.8579
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G.M. (German Mark)
1 19 -0.0253
(0.0360)
-0.70 0.3326
(0.2914)
-2.2903
2 18 0.0042
(0.0624)
0.07 0.2576
(0.5609)
-1,3236
3 17 0.0428
(0.0726)
0.59 0.1147
(0.7585)
-1.1672
6 31 -Oe0351
(0.0417)
-0.8A 1.5575
(0.8884)
0.6275
12 10 0.1720
(0.0316)
5.45 1.8076
(0.8299)
0.9731
3. P. (British Pound)
1 19 -0.0877
(0.0384)
-2.28 0.7749
(0.3083)
-0.7301
2 18 -0.1069
(0.0562)
-1.90 1.1730
(0.5053)
0.3424
3 17 -0.1250
(0.0613)
-2.04 1.7772
(0.6398)
1.2147
6 30 -0.0524
(0.0467)
-1.12 0.6208
(0.9770)
-0.3881
12 10 0.1014
(0.0869)
1.17 -0.1976
(1.7331)
-0.6910
J.Y. (Japanese Yen)
1 19 -0.0426
(0.0452)
-0.94 0.3640
(0.3628)
-1.7530
2 18 -0.0555
(0.0569)
-0.97 0.5846
(0.5124)
-0.8107
3 17 -0.1030
(0.0518)
-1.99 1.2802
(0.5410)
0.5179
6 27 0.0055
(0.0564)
0.10 0.1477
(1.1868)
-0.7182
12 10 -0.0260
(0.0658)
-0.40 -0.6219
(1.3113)
-1.2369
a - X rep-resents commodity prices.
b - The symbol '<' represents that Bl is significantly less than 1.
The symbol '=' represents that Bl is not significantly different
from 1.
The symbol '>' represents that Bl is significantly greater than 1.
c - The figures in brackets show standard errors of estimations,
d - 't' statistics of BO and Bl are against and 1 respectively.
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expected to be greater than the variance; the beta coefficients of this
T-bill could not be computed since the independent variable of the re-
gression equation involved the T-bill itself.
The results of the tests on the differences between futures and
forward prices in each maturity are presented in Table 2. As expected,
in Gold, Silver, Platinum, Copper, the differences between the futures
and forward prices are entirely consistent with the hypothesis at 5%
significant level that they are positive or negative depending upon
whether CovG^.Z) is less or greater than Var(Z) respectively. In
Silver coin, St^ss Franc, German Mark, British Pound and Japanese Yen,
they are consistent with the hypothesis with one exception in each com-
modity. For example, in one-month German Mark, there is no significant
difference between the two contract prices even though the Cov(W,Z) is
significantly less than Var(Z). In Plywood case, the results are
not conclusive relative to other commodities; two out of five different
cases (five kinds of maturities) are not consistent with the hypothesis.
Specifically, the differences of the contract prices of one-month and
two-month cases are not significantly different from zero although the
Cov(W,Z) are significantly less than Var(Z) in both cases.
Overall, 73.5% and 83.7% of commodities (thirty-six and forty-one
price pairs out of forty-nine) are consistent with the hypothesis
at 5% and 10% significance levels respectively, that the difference
The differences of two-month Gold, one-month Silver, six-month
Silver Coin, one-month and two-month platinums are significantly greater
than zero at 10% level.
The differences of the three-month German Mark are consistent
with the hypothesis at 2% significance level.
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TABLE 2
Difference Between Futures and Forward Prices
Futures - Forward = B*(l)
HO: B* =
Mat 12
Gold est 1.4548 1.3000 3.6550 3.8243 3.0632
S.E. 0.6716 0.6281 0.6897 0.7615 0.9301
t 2.17 2.07 5.30 5.02 3.29
HO b >0 >0 a >0 >0 >0
Cov/Var < < < < < c
obs 21 17 50 53 53
Silver est 3.7550 6e5125 10.5380 7.6280 6.8082
S.E. 1.8306 2.1313 1.7844 1.5003 1.9257
t 2.05 3.06 5.91 5.08 3.54
HO >0 a >0 >0 >0 >0
Cov/Var < < < < <
obs 20 16 50 50 49
Silver est 0.8433 -0 . 6200 0.6542 0.5155 -0.0125
Coin S.E. 0.1822 0c0800 0.2095 0.2593 0.0705
t 4.63 -7.75 3.12 1.99 -0.18
HO >0 <0 >0 >0 a =0
Cov/Var < < < < s
obs 3 2 24 22 20
Platinum est 2.4125 1.4000 4.5133 5.2179 4.6570
S.E. 1.2630 0.6083 1.2230 1.3066 2,0639
t 1.91 2.30 3.69 3.99 2.27
HO >0 a >0 a >0 >0 >0
Cov/Var < < < < <
obs 8 5 15 14 10
Copper est 0.1933 0.2485 0.6295 0.6333 0.4705
S.E. 0.0766 0.1074 0.1488 0.1366 0.1363
t 2.53 2.31 4.23 4.64 3.45
HO >0 >0 >0 >0 >0
Cov/Var < < < < <
obs 21 20 21 21 22
Plywood est 0.6591 -0.1900 2.0114 1.4525 0.2300
S.E. 0.4586 0.2472 0.4385 0.2780 0.3714
t 1.44 -0.77 4.59 5.22 0.62
HO =0 =0 >0 >0 »0
Cov/Var < < < < =
obs 11 5 22 20 10
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s ^
G.P,
B.P
J.Y.
est -0.0086 0.2257 0.0966 0.0624 -0.0769
S.E. 0.0694 0.0255 0.0664 0.0351 0.1497
t -0.12 8.34 1.45 1.78 -0.51
HO =0 >0 =0 =0 =0
Cov/Var = = = =
obs 14 7 9 17 13
est -0.0057 0.0500 0.0978 0.0425 -0.1400
S.E. 0.0298 0.0303 0.0351 0.0341 0.0821
t -0.19 1.65 2.78 1.25 -1.70
HO =0 =0 >0 »0 =0
Cov/Var < = a =
obs 14 5 9 16 6
est 0.0470 0.1333 0.0500 0.1413 -0.9500
S.E. 0.1130 0.0167 0.1887 0.1400 1.05
t 0.42 8.00 0.26 1.01 -0.90
HO =0 >0 =0 =0 =0
Cov/Var = = = » =
ofas 10 3 8 15 2
est -0.0264 0.0614 0.0871 0.0273 d
S.E. 0.0411 0.0479 0.0190 0.0291
t -0.64 1.28 4.59 0.94
HO =0 =0 >0 =0
Cov/Var = 3 » a
obs 14 7 7 15
- Significant at 10% level.
c
d
represents that B* is significantly less than 0.
represents that B* is not significantly different
The symbol '<'
The s:nnbol ' = '
from 0.
The symbol '>* represents that B*
The s>Tiibol in this row is same as
Table 1.
No observation is available in twelve-month Japanese yen
is significantly greater than 0.
the one in seventh column of
-20-
between the two different contract prices depends on the Cov(W,Z) and
Var(Z). Moreover, interestingly enough, the number of observations of
those commodities which are not consistent with the hypothesis is less
than ten in general. Subtracting those commodities whose number of ob-
servations is less than ten, noticeably, 85.5% and and 94.1% commodities
(twenty-nine and thirty-two out of thirty-four) are consistent with the
hypothesis at 5% and 10% significance levels respectively.
These results strongly supports the causal relations expressed in
equation (5), The most important implication is that we can reject the
conventional hypothesis that the systematic difference between futures
and forward prices may be due to market imperfections such as transaction
costs and/or market inefficiency. Regarding the foreign exchange, the
test on divergencies between futures and forward prices is consistent
with Cornell and Reiganum [3], However, this paper is different in the
following important senses. First, adding contracts with twelve-month
maturities, this paper provides a strong evidence that the divergencies
between futures and forward prices are not attributed to tax effects but
1''
to the daily settling up procedure of futures contracts. " Secondly,
19
"However, the Economic Recovery Tax Act of 1981 seems to effec-
tively put an end to the use of commodity straddle for favorable tax
treatment. For example, before this tax act was effective, the holding
period for a favorable long term capital gain treatment was 6 months.
Also, the investor did not realize any gain or loss until the position
was closed. However, under the new law, the more than 6 months holding
period for the favorable capital gain treatment is no longer relevant
due to the requirement of the marking to market of all futures position
open at the end of the investor's taxable year. Additionally, any gain
from futures contracts will be taxed at a maximum effective tax rate of
32% in 1982 regardless of the length of time a position has been held
open and whether it is from a short or long position: note that in the
past, gains from short positions were taxed as short term capital gain
regardless of how long they were held open.
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using contracts, futures and forward, which are traded in organized ex-
changes, this paper could rule out efficiently the effects due to, if
any, different transaction costs. More importantly, the results of this
paper are more general in that this paper explained the discrepancies
betTjeen futures and forward prices not only for the foreign currencies
but for the physical commodities: it is important to note that the
methodology employed in this paper was to test effects common to every
commodity.
V. Conclusion
The significant divergencies between futures and forward prices were
found in physical commodities such as Gold, Silver, Platinum and Copper,
;v+.ere Cov(W,Z) is less than Var(Z), On the other hand, in the foreign
currencies (Swiss Franc, German Mark, British Pound and Japanese Yen)
no divergencies could be found at any significance level where Cov(W,Z)
is not significantly different from Var(Z), With little doxibt, these
results support the conjectures of Margrabe [8], CIR [4] and Park [9]
that the divergencies between futures and forward prices depend on
whether Cov(W,Z) is greater or less than Var(Z) and that this causal
relation is solely attributed to the different payment schedule between
futures and forward contracts even in the absence of taxes and trans-
action costs. Also, this paper sheds light on the divergencies between
futures and forward prices in the Treasury market: taking it into
account that T-bill futures themselves are discount bonds maturing at
some time later than T, the contract maturity date, its covariance,
Cov(V,Z), is expected to be greater than the variance Var(Z). Thus, in
-22-
the light of the results of this paper, we can contend that the diver-
gencies observed in T-bill market are attributed to the daily settling
up procedure of futures market, but not to the conventional arguments,
taxes and transaction costs uniaue to the market.
-23-
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Appendix A
EXCHANGES AND UNITS OF TRADING IN FUTURES CONTRACTS
Futures Contracts
Gold
Silver
Silver Coin
Platinum
Copper
Plywood
Swiss Franc
Gennan Mark
British Pound
Japanese Yen
T-faills
Exchange
Chicago Merc Exch
Chicago Bd of Trade
N.Y, Merc Exch
N.Y. Merc Exch
Chicago Merc Exch
Chicago Bd of Trade
Int'l Monetary Market
Int'l Monetary Market
Int'l Monetary Market
Int'l Monetary Market
Int'l Monetary Market
Unit of Trading
100 troy oz.
1000 troy oz.
$1000 F.A. bag
50 Troy oz.
25000 lbs.
76032 square feet
125000 Franc
125000 Marks
25000 Pounds
12.5 millio Yen
$1 million
Appendix B
TRADING HOURS OF FUTURES AITO FORWARD CONTRACTS
Futures Forward*
Gold 8:25-1:30 CT 10:00-2:15
Silver 8:40-1:25 CT 10:00-2:15
Silver Coin 9:40-1:25 ET 10:00-2:15
Platinum 9:30-2:30 ET 10:00-2:15
Copper 9:50-2:00 ET 10:00-2:00
Plwood 9:00-1:00 CT 10:00-2:00
Swiss Franc 8:15-1:16 CT 10:30-2:00
German Mark 8:15-1:20 CT 10:30-2:00
British Pound 8:15-1:24 CT 10:30-2:00
Japanese Yen 8:15-1:26 CT 10:30-2:00
T-bills 8:35-1:35 CT 10:30-2:00
*The exchanges of each futures contracts are shown in Appendix A. The
exchange of forward contracts is the American Board of Trade in New York.
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